Objective. The goal of this study was to compare the extent to which young and older adults exhibit flexibility in adjusting decision criteria in response to changes in recognition task difficulty.
T HE study of memory across the adult life span has been concerned largely with description and explanation of the association of increasing age with decreasing ability to accurately recall and recognize recently experienced events, that is, the discrimination between old and new information (for reviews, see Light, Prull, LaVoie, & Healy, 2000; Ornstein & Light, 2010) . Signal detection theory, however, distinguishes between discrimination of old from new information (sensitivity) and aspects of the decision-making process that determine how much or what kind of information participants need before making a positive recognition response (bias or criterion; e.g., Malmberg & Xu, 2007; Rotello & Macmillan, 2007; Swets, 1996) . Measures of bias are not routinely included in published reports of research on recognition memory in young and older adults, and the extent to which decision processes remain constant across age is at present not fully understood (e.g., Aizpurua & Koutstaal, 2010; Huh, Kramer, Gazzaley, & Delis, 2006; Isingrini, Fontaine, Taconnat, & Duportal, 1995; Koutstaal, Schacter, Galluccio, & Stofer, 1999; Marquie & Baracat, 2000; Ratcliff, Thapar, & McKoon, 2004; Spaniol, Madden, & Voss, 2006; Starns & Ratcliff, 2010) .
Most studies of the decision-making process that compare young and older adults have been concerned with possible age differences in general tendencies to respond more or less cautiously, what we may call "default" criterion placement, but there is increasing interest in the extent to which young and older adults are equally reactive or flexible in their decision criteria in response to changes in task settings. For example, there is evidence that well-practiced older adults prefer to maintain conservative criteria under some circumstances. On recognition tests for single words with dissimilar test lures, young and older adults require similar amounts of information prior to making a decision when instructed to respond accurately; however, older adults do not reduce the amount of information needed to make a decision when given instructions to respond rapidly rather than accurately (Ratcliff et al., 2004; Starns & Ratcliff, 2010) . There is, nonetheless, some evidence that when time pressure is not an issue and recognition lures are similar to studied items, older adults prefer to respond on the basis of gist rather than verbatim information (Aizpurua & Koutstaal, 2010; Koutstaal, 2003 Koutstaal, , 2006 or to make recognition decisions on the basis of plausibility rather than on exact fact retrieval (Reder, Wible, & Martin, 1986) , strategies that would lead to more liberal response criteria.
One important issue has been the extent to which young and older adults are equally responsive to changes in task difficulty. To illustrate, Koutstaal (2006) used a recognition test that included line drawings that participants had studied, line drawings from the same category (e.g., whistles) as studied drawings, and new items. The rule for recognition judgments was cued on an item-by-item basis, with some items to be judged for exact repetitions and others for category repetition. Both young and older adults were able to shift criterion flexibly, though older adults adjusted criterion for the different task demands to a lesser extent than young adults. In Koutstaal's study, recognition criteria had to be adjusted on the fly inasmuch as the nature of the information to be used in decision making varied unpredictably from item to item, and older adults may not be able to shift response sets easily in this situation.
The question addressed in the current study was whether older adults would be able to switch from a more lenient decision criterion to a more stringent one to the same extent as young adults when external conditions change, namely when the difficulty of the recognition task is varied between rather than within tests. To examine this question, we modified a task developed by Benjamin and Bawa (2004) . In their task, young adults studied a single list of words and then took two successive recognition tests, one in which studied word targets were to be discriminated from semantically similar lures, the hard condition, and one in which targets were to be discriminated from unrelated lures, the easy condition. The critical finding was that hit rates declined (i.e., criterion became more conservative) on the second test for the easy-hard condition but not for the hard-easy condition. This finding suggests that young adults shift to a more stringent criterion when the first test is easy and the second difficult but maintain a stringent criterion when the first test is difficult. Benjamin and Bawa (2004) used an item recognition test. In our adaptation of their task, we used an associative recognition test in which studied word pairs must be discriminated from rearranged lures (whose constituents were originally studied with other words) or from unrelated (completely new) lure pairs. Older adults are typically impaired on associative but not on item recognition with unrelated lures (Light, Patterson, Chung, & Healy, 2004; Naveh-Benjamin, 2000) , and using this variant of the recognition task permitted generalization of Benjamin and Bawa's findings to a new task. If older adults are less flexible in adjusting their recognition decision criteria, we should find less of a shift toward conservative responding from the easy (new lure pairs) test to the hard (rearranged lure pairs) test in older than in younger adults.
Method

Participants
Forty-eight younger adults aged 18-25 years (31 women and 17 men) were recruited from the Claremont Colleges, and 48 older adults aged 60-84 years (37 women and 11 men) were recruited from the surrounding community. The study session lasted 1-2 hr, and participants were paid $10 per hour. Background information for participants is provided in Table 1 .
Materials
Three hundred and twenty nouns were chosen randomly from the MRC Psycholinguistics Database (Coltheart, 1981) to create a master list of 160 word pairs. All words were two-syllable nouns between five and eight letters long with a mean Kucera and Francis (1967) Folstein and colleagues (1975) ; maximum score = 30. c Reitan (1955) ; speed in seconds. d Blair and Spreen (1989) ; score = number of incorrect pronunciations. e 25 items from Nelson and Denny (1960) . *p < .001.
(six younger and six older adults) were assigned to each study list. Six additional word pairs were chosen at random for use as buffers, three at the beginning and three at the end. At study, 120 word pairs were shown. For each study list, two test lists were constructed, each containing 80 word pairs. No words repeated across tests. One test was comprised of 40 intact (old) word pairs and 40 rearranged pairs. Both words from the rearranged pairs had been shown at study but were presented with different mates at test, preserving the original left/right position of studied pairs. The second test contained 40 intact pairs from the study list and 40 unstudied word pairs. These two lists, one with rearranged pairs as lures and one with new pairs as lures, correspond to the hard and easy lure conditions of Benjamin and Bawa (2004) .
Several additional tasks were also administered to characterize the samples and to permit a filled delay interval between study and test. These included the Trail-Making Test (Reitan, 1955) , forward and backward digit span, two word-finding tasks, the Mini-Mental State Examination (MMSE; Folstein, Folstein, & McHugh, 1975) , the North American Adult Reading Test (Blair & Spreen, 1989) , and a word-building task in which participants made as many words as they could from the letters in the word "Claremont."
Procedure
The experimental session began with gaining informed consent and continued with completion of a demographic information questionnaire and the MMSE. The main experimental task followed. Participants were told they would see word pairs presented one at a time on a computer monitor. They were instructed to try to remember the word pairs because they would be tested later. Study lists were presented on a computer monitor using PowerPoint slides.
Word pairs were presented in black 32-point Verdana font on a white background. Each word pair was on the screen for 5 s with a 1-s interword interval. After study list presentation, participants completed three 5-min filler tasks (the two word-finding tasks and the Claremont task).
Following these three tasks, participants were told that they would be given a sheet with word pairs, some they had studied and some they had not. Test lists were administered via paper and pencil printed in landscape orientation on white 8.5″ × 11″ paper (with eight columns of 10 test pairs per test). Participants were told to examine carefully the entire list for 90 s without marking any answers. As in Benjamin and Bawa (2004) , this waiting period permitted participants to assess the composition of the test list and, presumably, to weigh its difficulty, but neither the old/new ratio of test items nor the nature of the distractors was described. At the end of the inspection period, participants were asked to place a check mark next to the word pairs whose members had been presented together during the study period and were told that they had 2.5 min to make their responses. This process was repeated for the second test, which followed immediately. Half of the participants were given the easy test first followed by the hard test and the other half took the tests in the reverse order. After administration of both test lists, participants completed the remaining secondary tasks.
Results
Proportions of old responses given for old word pairs (targets), rearranged word pairs (lures on the hard test), and new word pairs (lures on the easy test) are given in Table 2 as a function of test order and age group. An a of .05 was used for all analyses unless otherwise noted. As suggested by Table 2 , the proportion of old responses was nearly identical for young (.24) and older (.26) adults, so the two groups were matched in overall tendency to endorse test items as old.
Hit Rates
Overall 
False Alarms
As seen in Table 2 and extending the findings of Benjamin and Bawa (2004) , manipulating lure similarity affected false alarm rates. There were more false alarms to rearranged than to new lures in every test order condition (all ts > 5.28) except for young adults in the easy-hard condition, where the means were the same for the easy and the hard tests.
Overall 15. False alarms increased across tests from .09 to .14 in the easy-hard condition, t(47) = −3.60, p < .01, but decreased across tests from .14 to .04 in the hardeasy condition, t(47) = −7.28, p < .001. As typically observed in associative recognition, there was no significant age difference in new lure pair false alarm rates, with young adults having M = .08 and older adults having M = .06, t(94) = 1.14, p = .26, but younger adults made fewer false alarms to rearranged lures than did older adults, with Ms of .11 and .17, respectively, t(94) = −2.68, p < .01. No other 
Signal Detection Analyses
Following Benjamin and Bawa (2004) , we report data reparameterized as d′ and C o (see Table 2 ). For this purpose, the value of .01 was added to proportions of .00 and subtracted from proportions of 1.00. The measure C o is the z-score corresponding to the proportion of hits, with higher values reflecting more stringent criterion placement. Criterion measures are typically assessed relative to the new distribution (i.e., in terms of false alarm rate), but the nature of the false alarms varied across tests, making this approach inappropriate, whereas learning condition was constant across tests, making assessment of criterion in terms of hit rates appropriate here. We use these signal detection measures primarily to permit comparisons with earlier studies, recognizing that we cannot test the assumptions of classical signal detection models or their fit to the data when these data consist of a single hit-false alarm pair per participant per condition. Our data do not bear on controversies surrounding the shape of the recognition operating characteristic (ROC) and, by extension, to the appropriateness of our use of signal detection measures here. We note, however, that in our own work (Healy, Light, & Chung, 2005) , the model that best fit the ROCs of individual young and older adults was a variant of Kelley and Wixted's (2001) equal variance some-or-none model, suggesting that our use of these measures is a reasonable approximation. For further discussion of technical issues, see Benjamin and Bawa (2004) .
For d′, a three-way analysis of variance revealed a main effect of test difficulty, F(1, 92) = 117.48, p < .001, η 2 p = .56, that was qualified by a significant interaction between test difficulty and age, F(1, 92) = 7.18, p < .01, η 2 p = .07. Both young and older adults were better able to discriminate new lures from targets than rearranged lures from targets, t(47) = 5.46, p < .001 and t(47) = 10.40, p < .001, respectively. Additionally, there was no age difference in discriminating targets from new lures, with the young adult M = 1.47 and the older adult M = 1.58, t(94) = −0.67, p = .51, but there was evidence for better discrimination of rearranged lures from targets in young adults (M = 0.95) than in older adults (M = 0.73), t (94) = .03. Though younger adults in the easy-hard condition (M = 0.35) were more conservative overall than those in the hard-easy condition (M = 0.21), the difference was not significant, t(46) = 0.78, p = .44. On the other hand, older adults in the easy-hard condition (M = 0.12) were marginally more liberal than those in the hard-easy condition (M = 0.40), t(46) = −1.78, p = .08. The three-way interaction of test difficulty, test order, and age was not significant, F(1, 92) = 0.97, p = .33, η 2 p = .01. Although the three-way interaction of test difficulty, test order, and age was not statistically significant for either hits or C o and although the η 2 p s for both interactions are quite small, reviewers of this article noted that the η 2 p s computed separately for young and older adults for the interaction of test difficulty with test order appear noticeably different, suggesting that there may be an undetected age difference in flexible shifting of response criterion. To address this concern, we used the generic F-test option in G*Power 3 to estimate the power for detecting small (f = .10), medium (f = .25), and large (f = .40) effect sizes for the critical three-way interaction (Faul, Erdfelder, Lang, & Buchner, 2007) , setting a = .05 and b = .20. In repeated measures designs, power increases with the correlation between repeated measures. In our study, the observed mean correlation between hits in easy and hard tests for the four combinations of age and test order was .80; the mean correlation between values of C o was also .80. The estimated power to detect small, medium, and large effect sizes was .84, .99, and 1.00, respectively. Thus, we are comfortable in concluding that we had adequate power to detect even small age differences in flexibility of criterion adjustment, if they exist.
Discussion
In this study, participants took two successive associative recognition tests after studying a list of word pairs. When the initial test was easy, requiring only discrimination between studied pairs and completely novel lures, and the second test was more difficult, requiring discrimination between intact and rearranged pairs, participants shifted criterion levels to a more conservative position on the second test. However, when moving from a harder to an easier test, there was no significant criterion shift. This outcome was obtained for both young adults and older adults and was seen in the absence of order effects for our measure of discrimination d′. Interestingly, we saw no overall age differences in our measures of criterion. As noted by a reviewer, the absence of evidence is not the evidence of absence.
Nonetheless, the fact that we had sufficient power to detect even small age differences in flexible responding to changes in test difficulty makes it a reasonable working hypothesis that such differences, if they exist, are rather small.
Given that older adults had somewhat poorer discrimination than young adults, we might have expected them to adopt a less stringent criterion (e.g., Aizpurua & Koutstaal, 2010; Benjamin, 2001; Reder et al., 1986) , but this did not occur. Generally speaking, discrimination was not overly impressive in this experiment, and age differences were also relatively small, though statistically significant for the test pitting intact against rearranged pairs, leaving open the possibility that age differences in criterion placement would be observed under conditions in which larger age differences in discrimination are manifest. Examination of the recent literature, however, suggests a variable relationship between age differences in sensitivity and age differences in response bias across studies (e.g., Aizpurua & Koutstaal, 2010; Isingrini et al., 1995; Marquie & Baracat, 2000; Spaniol et al., 2006; Van Ocker, Light, Olfman, & Rivera, 2010) .
These results further our understanding of criterion flexibility in two ways. First, they demonstrate that the pattern of criterion shifting from easy-to-hard and hard-to-easy recognition tests seen for item recognition (Benjamin & Bawa, 2004 ) also obtains for associative recognition. Note that the ways in which tests were made more difficult varied across studies, with Benjamin and Bawa varying the semantic similarity of studied items and lures and the present experiment varying the familiarity of words within lure pairs across tests. The fact that phenotypically similar outcomes were observed with these manipulations suggests that the effect is quite general.
Second, and more central for our purposes, the data show that under the conditions of the present study in which test composition is made relatively easy for participants to discern, there are no significant age differences in use of knowledge about the nature of test lures from studied pairs to adjust decision criterion. Young and older adults showed the same pattern of shifting to a more conservative criterion when lures became more similar to targets on a second test but maintaining their original response biases when the lures were less similar to targets on the later test. Benjamin and Bawa (2004) argued that this kind of asymmetric shift in criterion placement is the product of a metacognitive assessment that maintenance of the same (relatively liberal) criterion when the test becomes more difficult would lead to poorer performance (an increase in false alarms). This assessment triggers a strategic shift to a more conservative criterion. On this account, the opposite change-from harder to easier test conditions-does not give rise to a metacognitive warning of impending performance degradation, and there is no need to adjust criterion strategically. Older adults are known to adjust response criterion appropriately in between-subjects designs when instructions about the required grain size of responses are manipulated (e.g., Koutstaal et al., 1999; Van Ocker et al., 2010) . The current study is the first using a within-subjects design to explicitly demonstrate that older adults have preserved ability to adjust response criterion when the nature of test items varies and the memorial consequences of maintaining a constant criterion across changing test conditions are made easy to infer. Our observation of similar behavior in young and older adults with respect to criterion placement suggests that this is an instance in which young and older adults share metacognitive success (see Ornstein & Light, 2010 , for a review).
At this juncture, a note of caution is needed. It is not always easy to tell from participants' behavior whether shifts in measures of criterion arise from response bias changes as defined in classical signal detection theory or whether these reflect shifts in the nature of cognitive operations or information involved in the recognition decision. We assume that people base their decisions in associative recognition tasks on a single strength-of-evidence variable that includes contributions from both recollection and familiarity (e.g., Kelley & Wixted, 2001) or can adjust the extent to which recollection-based strategies are used (Malmberg & Xu, 2007) . Given this assumption, our findings are consistent with an increase in the contribution of recollection in the face of more difficult target-lure discriminations for both young and older adults, despite the poorer performance of older adults when recollection is required to reject rearranged pair lures for which both words are familiar (see Ornstein & Light, 2010 , for a review). This analysis is, however, speculative given that the design of our study does not enable us to estimate the contributions of individual processes or types of information to participants' decision criteria.
A question that we cannot answer at present is whether young and older adults will always show the same kind of criterion flexibility in response to changing recognition test difficulty or whether equivalence in performance across age in this respect is dependent on the particular manner in which test difficulty is varied. One issue is whether older adults can shift criterion when characteristics of test items are varied within a single test rather than across test lists. For instance, when easy and hard distracters are blocked within a recognition test (rather than across tests), young adults do shift criterion to adjust to the change in test difficulty, though there is some inertia in their doing so, perhaps because it is effortful to maintain two criteria in working memory and to engage executive functions to shift between them (Brown, Steyvers, & Hemmer, 2007; Rotello & Macmillan, 2007) .
Older adults typically have greater difficulty in maintaining multiple task sets in an available state (for a meta-analysis, see Wasylyshyn, Verhaeghen, & Sliwinski, 2011) . Also, executive control functions mediated by brain regions are adversely affected by aging (Cohn, Emrich, & Moscovitch, 2008; Miller, Handy, Cutler, Inati, & Wolford, 2001; Raz et al., 1997) . If maintaining multiple criteria in working memory requires cognitive operations similar to maintaining multiple tasks in an active state, we might expect that older adults would be less likely than young adults to shift criteria when task difficulty is blocked within a test or that they would take longer to do so. To our knowledge, this question has not been systematically studied in older adults. Interestingly, Wasylyshyn and colleagues' meta-analysis did not find an age deficit in the cost of switching tasks within a list (local switching costs), though, as noted earlier, they did find global switching costs in comparing pure task blocks to randomly mixed task blocks. This would suggest that older adults might not perform materially worse than young adults when task difficulty is randomly varied within a test. On the other hand, fine-grained discriminations involving recollection may themselves require executive control (see Aizpurua & Koutstaal, 2010 , for a discussion) and may depend on the quality of encoding, leading to the prediction that both local and global costs of criterion shift would be greater for older adults. Koutstaal (2006) explicitly varied the task that participants were to perform on an item-by-item basis (exact match or category match between study and test item) within a single test and found that both young and older adults adjusted criterion as a function of instructions; both groups had more liberal criteria when instructed to base recognition on category membership rather than on specific items, but young adults showed a somewhat greater shift than did older ones. Clearly, this issue merits additional study.
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